The objective of this longitudinal retrospective study was to evaluate differences of the fetal growth and fetal organ growth among singleton small for gestational age (S-SGA), singleton appropriate for gestational age (S-AGA), twin (Tw-AGA), and triplet (Tri-AGA) infants. Ultrasonographic examinations were performed on 35 S-AGA, 18 S-SGA, 52 Tw-AGA and 12 Tri-AGA fetuses. Circumferences of head (HC), abdomen (AC), spleen (SC) and adrenal gland (AGC) and lengths of femur diaphysis (FDL), liver (LL), estimated weight (EWT) were measured every 2 weeks after 15 weeks of menstrual age until delivery. There was no significant difference in predicted HC values in S-AGA, Tw-AGA and Tri-AGA fetuses; these values were lowest in S-SGA fetuses. As the number of fetuses in the uterus increased with advancing menstrual age, the slope of the growth curve for predicted AC value became lower, but there was no significant difference between Tri-AGA and S-SGA fetuses. There was no significant difference in predicted FDL values among Tw-AGA, Tri-AGA and S-SGA fetuses; those values were significantly lower than that in S-AGA fetuses. There was no significant difference in predicted EWT value between Tw-AGA and Tri-AGA fetuses, which were intermediate between those for S-AGA and S-SGA fetuses. There were no significant differences in predicted SC and AGC values between S-AGA and Tw-AGA fetuses, respectively. However, in S-SGA fetuses, the slopes of the growth curve for SC and AGC were lower than those in the other two groups with advancing menstrual age. There were slight differences in predicted LL values between S-AGA, S-SGA and Tw-AGA fetuses. These results suggest that in AGA fetuses, there was a slight difference in growth pattern among singleton, twin, and triplet pregnancies.
Introduction
With the introduction of ovulation-inducing agents, the incidence of multiple pregnancies has increased (Holcberg et al., 1982; Loucopoulos et al., 1982) . Moreover, the implementation of multiple embryo transfer in in-vitro fertilization (IVF) programmes may further increase multiple pregnancies 1352 © European Society of Human Reproduction and Embryology (Weissman et al., 1990) . Multiple pregnancies are known to be at increased risk of a variety of complications during the antepartum and intrapartum periods (Landy and Keith, 1998) . These complications include premature delivery, fetal growth restriction, congenital anomalies, placenta previa, abruptio placentae, cord accidents, and malpresentations. Due to the complexity of multiple pregnancies, obstetric management is more difficult, and thus a means for evaluating its effectiveness is essential (Xu et al., 1995) .
The use of fetal growth curves generated from uncomplicated singleton pregnancies to estimate intrauterine growth of multiple pregnancies is controversial (Weissman et al., 1990) . Some studies recommended the use of specific charts generated for twin pregnancies (Grennert et al., 1978; Sokol et al., 1984) , whereas others conclude that growth curves for singletons may be applied safely for twins, but not for triplets (Sheh et al., 1987) . To the best of our knowledge, there has been no report on the evaluation of singleton, twin, and triplet appropriate for gestational age fetal growth using a longitudinal ultrasound study.
With recent advances in ultrasound imaging, especially improvements in resolution and focusing, fetal intracranial, intrathoracic, and intra-abdominal organs can now be clearly identified . Numerous reports concerned with fetal organ measurements on liver, spleen, and adrenal gland in singleton pregnancies have been presented Hata et al., , 1993 Senoh et al., 1994) . However, there has been no report on these organ growth measurements made with ultrasound in multiple pregnancies.
The objective of our present study was to construct reference limits for various fetal growth parameters from head circumference, abdominal circumference, femur diaphysis length, estimated weight, splenic circumference, adrenal gland circumference, and liver length, based on a longitudinal study of 35 singleton appropriate for gestational age (S-AGA), 18 singleton small for gestational age (S-SGA), 52 twin appropriate for gestational age (Tw-AGA), and 12 triplet appropriate for gestational age (Tri-AGA) infants, and to evaluate the alterations in those growth parameters among these four fetal groups during gestation.
Materials and methods
We studied 35 S-AGA (18 females and 17 males), 18 S-SGA (14 females and four males), 52 Tw-AGA (27 females and 25 males) in 28 pregnancies (nine monochorionic diamniotic and 19 dichorionic pairs), and 12 Tri-AGA (eight females and four males) in five pregnancies (five trichorionic triplets). Four twins (two small for gestational age and two large for gestational age infants) and three Data are presented as mean Ϯ SD (range). a Caesarean section/vaginal delivery. CHL ϭ crown-heel length; HC ϭ head circumference; AC ϭ abdominal circumference; ThC ϭ thigh circumference; S-AGA ϭ singleton appropriate for gestational age infant; S-SGA ϭ singleton small for gestational age infant; Tw-AGA ϭ twin appropriate for gestational age infant; Tri-AGA ϭ triplet appropriate for gestational age infant. HC ϭ head circumference; MA ϭ menstrual age; AC ϭ abdominal circumference; FDL ϭ femur diaphysis length; EWT ϭ estimated weight; AGC ϭ adrenal gland circumference; SC ϭ splenic circumference; LL ϭ liver length; SD R ϭ standard deviation of regression; R 2 ϭ coefficient of determination. For other abbreviations see Table I. triplets (two small for gestational age and one large for gestational age infants) were excluded from the study. One S-AGA pregnancy was excluded from the study when maternal systemic lupus erythematosus appeared during pregnancy, and one S-SGA pregnancy due to fetal abnormalities. The all pregnancies were in middle-class Japanese women from the Kagawa area. All women were non-smokers, with neither indication of maternal complication nor evidence of drug ingestion. There were no significant differences for the height, weight and parity of the maternal population among the four groups (Gardosi et al., 1992) . All the obstetric deliveries were made in our university hospital, and comprehensive paediatric assessment (within 24 h of delivery) revealed no evidence of genetic diseases or congenital anomalies. There were nine monochorionic diamniotic and 16 dichorionic pairs that were conceived naturally. Two pregnancies were induced artificially by induction of ovulation; one pregnancy in the Tw-AGA group and five in the Tri-AGA group were IVF pregnancies. -8  347  -37  282  16  -62  387  -34  371  -70  409  -89  335  17  -129  453  -104  440  -136  476  -147  392  18  -200  525  -178  514  -208  548  -209  454  19  -278  602  -256  592  -284  624  31  276  252  20  36  361  685  2  338  674  26  366  705  103  349  594  21  125  450  774  88  425  761  112  452  792  181  427  672  22  220  545  869  179  515  852  204  543  883  265  510  755  23  322  646  971  274  610  947  300  640  980  354  599  844  24  430  754  1079  373  709  1046  402  742  1082  448  694  939  25  544  869  1193  476  813  1149  510  850  1189  549  795  1040  26  666  990  1315  584  920  1257  623  963  1302  656  902  1147  27  794  1119  1443  696  1032  1367  741  1081  1421  769  1015  1260  28  930  1254  1578  812  1148  1485  865  1205  1545  889  1135  1380  29  1072  1397  1721  932  1269  1605  995  1335  1675  1016  1261  1506  30  1223  1547  1871  1057  1393  1729  1131  1470  1810  1149  1394  1640  31  1380  1705  2029  1185  1522  1858  1272  1612  1952  1289  1534  1780  32  1546  1870  2195  1318  1655  1991  1420  1759  2099  1436  1682  1927  33  1720  2044  2368  1455  1792  2128  1573  1913  2253  1591  1836  2081  34  1901  2226  2550  1597  1933  2270  1733  2073  2412  1753  1998  2243  35  2091  2416  2740  1742  2079  2415  1899  2239  2578  1922  2167  2413  36  2290  2614  2938  1892  2229  2565  2071  2411  2751  2099  2345  2590  37  2497  2821  3146  2046  2383  2719  2250  2590  2929  ---38  2713  3037  3361  2204  2541  2877  2435  2775  3114  ---39  2937  3262  3586  2367  2703  3040  2627  2966  3306  ---40  3171  3496  3820  2534  2870  3206  2825  3165  3505  --- MA ϭ menstrual age. For other abbreviations see Table I . Birth characteristics of subjects are shown in Table I . Birth weight of 35 S-AGA were in the normal range (between the 10th and 90th percentiles) of the standard growth curve for the Japanese (Sato et al., 1982) , and 18 S-SGA were below normal ranges. Birth weights in Tw-AGA and Tri-AGA infants were compared with the twin weight growth curve for the Japanese (Fukuda, 1989) , and all fetal weights MA ϭ menstrual age. For other abbreviations see Table I. were appropriate for gestational age. The study was approved by the local ethical committee of Kagawa Medical University, and standardized informed consent was obtained from each patient. Fetal age determination was estimated from the first day of the last menstrual period and confirmed by the first-trimester and early second-trimester ultrasound examinations (crown-rump length, biparietal diameter, and femur diaphysis length measurements) (Tsuzaki et al., 1982; Iwamoto, 1983) or determined from the date of conception (IVF pregnancies) plus 2 weeks (the ultrasound age estimates confirmed these age determinations).
Ultrasound examinations were carried out at 2 week intervals beginning at~15 weeks of menstrual age continuing until delivery. The number (mean Ϯ SD) of examinations of individual patients ranged from 5 to 13 (9.3 Ϯ 2.1) in the S-AGA group, from 8 to 13 (10.1 Ϯ 1.5) in the S-SGA group, from 5 to 12 (8.0 Ϯ 2.0) in the Tw-AGA group, and from 8 to 10 (9.5 Ϯ 0.9) in the Tri-AGA group. At each examination, each fetus was identified by its position in the uterus, its size, or its sex in multiple pregnancies. Measurements of the biparietal diameter, head circumference, abdominal circumference and femur diaphysis length were obtained at each examination for each fetus using procedures described previously (Deter et al., 1981) . The estimated weight was determined from values for the biparietal diameter, abdominal circumference, and femur diaphysis length as described previously (Shinozuka et al., 1987) . The methods used to obtain splenic circumference, liver length, and adrenal gland circumference, measurements have been described in detail elsewhere Hata et al., 1993; Senoh et al., 1994) . Unfortunately, fetal organ measurements in triplet pregnancy could not be done, because of fetal crowding and its complexity in the uterus.
Results are expressed as mean Ϯ SD. Statistical analysis for comparison of maternal age, parity, and Apgar score among the groups was done using a Kruskal-Wallis one-way analysis of variance. Maternal height, maternal weight, birth age, birth weight, neonatal 1357 crown-heel length, neonatal head circumference, neonatal abdominal circumference, and neonatal thigh circumference were compared using an analysis of variance and Newman-Keuls multiple comparison test. P Ͻ 0.05 was considered to be significant.
For each parameter in each fetal group data set regression analysis was carried out, testing the regression of the measurement value on menstrual age, using polynomials of the first through the third degree (Dunn and Clark, 1974; Rohatgi, 1976; Bertagnoli et al., 1983 ). Different models were tested and independent variable deletion carried out by analysis of variance applied to the regression was followed by calculation of the step-down method coefficients (Snedecor and Cochran, 1967) . The choice of the optimal model was based on the following criteria: largest R 2 , all coefficients different from 0, and low standard deviation of regression (SD R ) (Bertagnoli et al., 1983) .
Results
The results of the mathematical modelling of the data in S-AGA, S-SGA, Tw-AGA, Tri-AGA fetuses are shown in Table I . The predicted values of each parameter derived from these functions and their variability at different menstrual ages in AGA fetuses are presented in Tables III-IX. Comparisons of predicted values for each parameter among the groups are presented graphically in Figures 1-7 .
There was no significant difference in predicted head circumference values in S-AGA, Tw-AGA and Tri-AGA fetuses (Figure 1) . However, in S-SGA fetuses, it was lower than those in the other three groups. For abdominal circumference values, as the number of fetuses in the uterus increased with advancing menstrual age, the slope of the growth curve for predicted abdominal circumference became lower (Figure 2) . S-AGA ϭ singleton appropriate for gestational age fetus; S-SGA ϭ singleton small for gestational age fetus; Tw-AGA ϭ twin appropriate for gestational age fetus; Tri-AGA ϭ triplet appropriate for gestational age fetus. There was no significant difference in predicted abdominal circumference value between Tri-AGA and S-SGA fetuses. For femur diaphysis length values, there was no significant difference in predicted femur diaphysis length values among Tw-AGA, Tri-AGA and S-SGA fetuses (Figure 3) . However, those values were significant lower than that in S-AGA fetuses. For estimated weight values, there was no significant difference in predicted estimated weight value between Tw-AGA and Tri-AGA fetuses (Figure 4) . These values had an almost intermediate value between those of S-AGA fetuses and S-SGA fetuses.
There were no significant differences in predicted splenic circumference ( Figure 5 ) and adrenal gland circumference ( Figure 6 ) values between S-AGA and Tw-AGA fetuses. However, in S-SGA fetuses, the slopes of the growth curve for splenic circumference and adrenal gland circumference were lower than those in the other two groups with advancing menstrual age. There were slight differences in predicted liver length values between S-AGA, S-SGA and Tw-AGA fetuses, respectively (Figure 7) . 
Discussion
According to the birth data from live-born triplet infants (Elster et al., 1991) , from 26 to 35 weeks, the average triplet newborn has a weight corresponding to approximately the 30th percentile level compared with singletons. After 35 weeks, triplet birth weights fall progressively behind those of singletons, reaching the 10th percentile at 38 weeks. Other data (Jones et al., 1991) on triplet growth when compared with previously reported singleton growth (Brenner et al., 1976) support the concept that multiple and singleton gestations exhibit similar growth through 30 weeks. Beyond 30 weeks gestation, the singleton fetus appears to accelerate in growth in a sigmoid manner. The triplet gestation lacks this acceleration in growth shown by singleton gestations. However, triplet growth remains linear throughout the third trimester rather than plateauing as previously suggested (Jones et al., 1991) . Similarly, the mean birth weight of triplets was slightly below the 10th percentile for singletons at 38 weeks gestation or later (Yuval et al., 1995) . They concluded that the growth of triplet fetuses as estimated from live-born birth weights is slower than that of singletons. However, the subjects of these three investigations included many small for gestational age triplet infants studied as liveborn babies. Therefore, their standard triplet growth curve may be lower than that of singletons, especially in the third trimester of pregnancy. In this study, we selected appropriate for gestational age fetuses as a subject in multiple pregnancies, to avoid this bias, and we tried to evaluate whether growth differences exist among S-AGA, Tw-AGA and Tri-AGA infants in utero. Consequently, there was no significant difference in predicted estimated weight value between Tw-AGA and Tri-AGA fetuses. However, these values were slightly lower than that of S-AGA fetuses and slightly higher than that of S-SGA fetuses. The reason for these differences is currently unknown. It has been suggested (Hata et al., 1991; Xu et al., 1995) that the deposition of soft tissue seen in normal singletons during the third trimester occurs to a much lesser extent in normal twins and triplets. The current study may give strong support to the this work (Hata et al., 1991; Xu et al., 1995) , and further study is needed to clarify whether this decrease in soft tissue deposition in multiple pregnancies represents a true growth abnormality or merely a physiological adaptation to the energy demands associated with the support of growth in multiple fetuses.
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There have been only two reports on the growth of triplet fetuses measured by ultrasonography between 15 weeks gestation to delivery (Weissman et al., 1990; Fountain et al., 1995) . However, these two prenatal ultrasound studies were carried out in the USA and UK, respectively. Available data for Asian populations are limited. To the best of our knowledge, there have been no reports on examination of multiple dimensions of fetal growth in multiple pregnancies in the Asian population. It has been stressed (Lei and Wen 1998 ) that a different standard of ultrasonography based fetal growth is needed for different populations. Therefore, the ultrasonography-based growth curve constructed in this longitudinal Japanese population provides an additional tool for the evaluation of fetal growth and development in multiple pregnancies.
With respect to fetal organ measurements by ultrasonography in normal twin pregnancy compared to normal singleton pregnancy, there were no significant differences in predicted splenic circumference and adrenal gland circumference values between S-AGA and Tw-AGA fetuses in this study. However, there was a slight difference in predicted liver length value between S-AGA and Tw-AGA fetuses. Similarly, the predicted abdominal circumference value in Tw-AGA fetuses was slightly lower than that in S-AGA fetuses. The liver occupies most of the upper abdominal cavity, so corresponding differences for liver length and abdominal circumference between S-AGA and Tw-AGA fetuses may occur. Our results suggest that growth curves of organ measurements for singletons may be applied safely for twins.
